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™he Nlu of fatigue in human musaul'.r effort has long
attrasted the stteution of physiologists. By .itigws is msant a
temporary decliss in work capacity duws to the work itself, ex-
pressed in a loss of strength by the muscles, decline in the eo-
ordination of all motor mechanisms, and onsetr of funcoticasl in-
sufficiencies in the cardiovsscular, respiratory, amd other sys-
tems serving the muscular activity. A characteristic siga of
fatigue, \no-n. to..mryu.o from his own daily life, is the reduo— -
tion iz the vork capacity of the muscles participating in particu~ Y
lar work. It is this phencmencn that has dbesu the subject of our
stwly. The problem of the mechamism of muscular fatigue has beea
studied now for more tham a osatury, and is the subjeat of a very

large nunber of references, but has not fully resolved to this day,

Twe study of fatigwe mechanisms, primarily in isolated frog
207V &Z4 muscle specimsas, the data from which were extrapolated
to tho . man organism as & whole, and the highly mechanical anal-
ysis of ‘.6 facts thus arrived at, have led to the wide disseaina-
tioa s sysiolagical circles abread of primitive humorsl theosries

of the )1 salization of fatigue,

The initial hypothesis in the development ¢f theee looal-

istic consepts was the secmingly sensibls semse ides that if
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waseles 4i8play & desline in sapasity for work, the resgen muet
11¢ primarily in changes withiz these musoles thewselves. Now-
svar, & scientific exsaination of the question provides no
foundation for shis conclusiocn. Each voluntary muscular coatrac-
tion 1s an sction of the orgviism As A whole, participated in to
begin with by cortical and suboortical motor mechanisms, numerous
receptors (particularly suscular) with their complex afferent
systems carrying the flow of signals to the higher suboortical
ocenters and, further, to the motor analysor of the cerebral oortex,
Participating in this work are the internal organs providing the
muscles and the nervous system with metabolism st the required
level. Thus the full regulatory action of the internal organs of
the cortical and subcortical ceaters participate. The work capag-
ity displayed by the muscle at any momsat is dependent upon the

ocondition of all the links in this complex unitary systeam.

In 1903 I. M. Sechsnov provided the foundation for under—-
standing the leading role of the nerve centers in musoular fatigue.
In experiments on his own body he found that the respiratiomn of
fatiguod muscles is better -—— not when other muscles are at rest —
but when they are active (the phenomsucn of "sctive” rest). This
can be explained only if one recognises that it 1is not the muscles

but the nerve centers which primarily undergo fatigue.

The ideas of BSechenoy have been developed by a number of
Soviet physiologists whose work has firmly rooted the ocousopt of
nervisa in the knowledge of fatigue (L. L. Vasil'yev, M. K. Mar-

shak, M. 1. Vinogradov, A, A. Ukhtosskiy,K D. 1. Shateashteyn, eta),

A most important problem of research in this field is the

~
~
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1ty which govern the developmest of muscular fatigue.

Static stress is s very ocoaveanient base for the stwiy of
fatigue. While dynamic work is scoompanied by & constant inter-
change of activity between santagonistic muscles and nerve ceaters
in reciprocal relation with one another and mutually affeoting
sach other, in static stress the oconstant work of specific wus-
cles and centers of higher nervous activity induces apecisl sus~

oeptibility to fatigue.

It 18 impoytant to nc.td that the quastion as to the nature
of fatigue under static stress pPlaces the ocomflict betweea the

ocsntral-nervous and humoral-~localistioc theories of fatigue in the

sharpest contrast.

Accumslated data completely refute the principle hypothesis
of the humorsl-localistic theory of static fatigue. The facts
also ocontradict the idea that static fatigue is peripheral in sa-
ture. In 19351 M. E. Marshak demondtrated that in total fatigue,
when it was 00 lowger possible voluntarily to sustain a loed,
totanization of the motor point Of the muscle permitted work to

continue for sn apprecisble period of time.

G. P, Konradi, A, D, 8lonim, amd V., 8. PFarfel’ in 1934 ad-
vantoed the hypothewis of the primary role of the ocortical link in
the oceutrsl mschaaism of fatigue under static stress. This hy-
pothesis is substantiated by experimeants with variatioas ia work
capasity under hypmosis, and by & vumber of clinical cbeervations.
Ia 1833 8. V. Ool'man showed that ia patieats with paralysis or
amputation of extremities, the imsginiag of work very quickly

-
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prodused fatiges, with sll iis typical signs: a tired feeling in
the (aheent!) sxtremities, pain therein, etc. In 1933 V. V. Rea-
endblat noted t.at resistance to static stress is particilarly
lascking in patients with spastic paresis (1. ¢., in vhom R oorti-
oal nsuroo bas been injured). 7This oonocept finds complets the—

oretical justification in the teachings of I. P. Parvluy.

Fagtigus is & unitary procoss involving all the components
of the nsuromusculsar instrumsnt. Cortical ceslls are th~ prime

clement in the development of fatigue.

Vhat changes ooour in cortical cells in fatigue? £, A.
Ukhtomskiy, dealing with the osntral sechanisms of suscular ? .-
tigue, noted in his day that fatigus and inhibition s 9t not be
coufused., However, &8s both thess pProcesses ooour in pron unced
fatigue, and sinve, according to him, the slements of fetigwe
proper and of inhibition sre irztertwined, ths problem of the re~-

lation between them retains importance.

In 1981, V. V. Rosenblat demcustruted experimsntally that
if an indifferent stimulus (a metronome) bo coordinated wich a
period of active rest (othar muscles functioning while one hand
rests), it swbsequently becomes possible to induce Sechenov's
phenomsnon of increased work capacity by msans of the conditioned
stimulus alowme. These data have confirmed the role of cortical
mechanisms in the phenomena under study, and have democnstrated
that conditicned reflexss are capable of significantly affecting
the course of the proocesses of fatigus and rest. Purther, we
undertook to connect an indifferent stimulus with the wvarious

phases of fatigue and, by studying its effect on work capsecity, to
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analysor as fatigue develops.

Ve have run 3 series of resesarches on vhich we make A pwm-
eral report in the present article. More than $30 observations

were made, on 35 subjects (students at the Medical Sehool).

In the first series of researches ~- those for orientation
-~= wo attempted to coordinate an indifferen: light stimulus (the
lighting o a 40-w buld in front of the subject) with tho prodesses
developing during the period of increasing fatigue, and then to de-

termine the sffect this stimulus had on work capacity.

Method

the working inrirumsnts were s standard msroury dynamoaster
and a portable appliance built in our laboratory in 1983 by V. V.
Rosenblat. The coustanc stress consisted of compression of the N
dynamomster buld by the wrist. The sudbject, having determined his
maximun strenght, msintained the mercury colusn in the dynamomster
at 1/3 that level by visual ocontrol. Be continuad to perform this
work zati) no longer able to do so, meanwhile indicating the mument
wan the fesling of fatigue set in. When the work was dome he
restad for 1 1/2 minutes, wbereupon he repeated the work at the
previous level umtil »0 lomger able to do s0, As 8 result, we ob-
tained 3 indiocss of work capscity: (1) endursnse in secomds (dur-
ation of the £irst period of work); (3) time whea the seasation of
tiredness appesred (in seoomds from the start of work), and (3)
index of recovery (dusztiom of second periad of work after the
1 1/3-ainutes rest period, ia perosatage of the duratiom of the

first period).

o3

s
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The conditicnsd ssungation was developed as follows. Dur-
ing eash work period, whea the subjeat reported the feeling of
tirednsss, ve eut in 5 light stimulus which functioned tor the re-
sainder o2 the werk pericd. Thus, application of the stimlus
eoineided in time with increasing fatigwe, which ultimately coe
pelled esssation of work. Preliminary cbeervations showed the
given stimdlus to be indifferemt as far »s its effect upon work

capasity is coneermed.

Your subjects were used., Over a I-mouth period they par-
ticipated in 4 to 5 tests per week, producing 70 to 80 combina~-

tions in toto.

As to the method of developing the temporary ococanection,

the following is of importance.

1. The experiments were perfoirmed in the ordinary environ-
ment of the laboratory. The subjects were not isolated from the
experimesnter and from other subjects (usually 2 aubjects wexe
pressnt at a time, one of whom helped the ressarcher), Ve used
this arrangessnt inteatiocanally, s0 as to bring the experimsut as
far as possible into line with the comditions surroumdiag sorwmal

human muscular activity.

2., We did not eliminate the participation of our subjeats'
seocond signal system from formatiom of the temporary bomd, &s we
believed the second signal system had to be sotively involved in
the development of the teapcrary oconnection, in order to enable
the subject to be specifioslly conscious of the fact that the
stimulus began to operate preciseliy in the periocd of rising fa-

tiguse. The second subject, assisting the wvxperimsnter, was the
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'toutuetnun-. ™he trus purpose of the atudy was aet kaows
to the subjects. ¥e requasted them, 88 active partiocipsnts in

the research, to study the ocourse of traiaing for static eadurance.
The “training” experimsnts coutinued for up to 2 moaths, and the
‘subjects gradually cessed to be interested in the stimlus whieh

beocams & normal part of the eavirommsat.

3. 1n view of the simultaneous participatioa of more than
one subject in the experimeats, the formation of a comditioned oon-
neotion might also cocour on the principle of "sctors and audienoce,”
formulated by M. P. Shtodin in 1t4.. The student assistant who {n
the following experimert hinself becams the subjeot actually
“lived through™ thr eaxperimeatal eaviroument with his partner each
time, apd by turning on the stimulus thereby associated it once

again with a given point in the performance of work.

4. Our experimemts would appear to contradict "A, N.
Krestovaikov's rule,” in socordamce with which a comditioned re-
2lex is developed only 1f the imdifferent stimilus precedes the
reactioa with shieh it is associated. In our case the stimulus
ooimcided with a3 specific momsat during the work, HNowever, as
the greatest effect of the stimilus 18 At the momeat it is cut in,
this being preceded by the developmsat of marked fatigue, the

givea objection loses its validity.

At the end of the 3-momth preparatory period, 3 series of
test expérimsnts were run, in which the stimulus was cut in sither
(1) at the very beginning of the first period of work, and before
its comclusion (this serving to dotermime the effect of he Stimu-

lus on endurance and the time when fatigue appeared), <r (2) only

-7 -
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dur. ; the 1 1/B-uir ta st Detwveen the £ pertods of werk (this
boing used to study the effect of the stimulus om the course of -
the prooess of recovery), or (3) not at all for purposes of cem~
trel, 't being understood that the data of the seoond group of

check experiments served as coatrols for the indices of endurence

und fatigue.
Yhat was revealed by ths studies thus ocomducted?

One might have expected that the application of the stimu-
lus during the period of iacreasing fatigue must reducs work capac-
ity. But the fact w:. that it ruised all the indices thereof. BEn-
durance increased 8.7 on the average, the time before onset of
fatigue by 16.1%, avd the prooess of recovery was speeded by 11.3%

(see Note].

(14 te:] The percentages were obtained by taking ss 100%
the wean £. ;ure for the given index in experiments in which no
conditioned stimulus was applied, and expressing all findings in
experiments with the given subject as percentages therewof. All the
averages in which we were intarested were deduded from the "rela-
tive data o individusl experiments” thus obtained, This eliminated
from the averages, and from the error therein, the effeot of dif-
*erences in the absolute magnitudes Of the indices from subject to

subject.)

As Ve dats for the individual subjects were comparable,
the.w was nu need t~ be coacerned about tho accidenta)l character
of 3@ resul.: obtained, evon though the number of control experi-

ments was no’ great (11,,
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Ina an effort to clarily these seexingly innomprehensible
findings, Wwe coupared them to the cheervatioas of a oollaboratrix
of G, V. Pol'bort, A. V. Semernins, who reported analogous find-
ings 1n 194 ssd 1951 in studying the exhaustion of the salivary
glands of an animal: & conditioming Sgent, 00Ordir *ed with the
periad of increasing exhaustion of the gland, had & positive ef-

fect on its work,
sow are these cbeervations to be expisined? -

TAKE 2
EFFECT OF LIGKT, COORDINATED WITH PERICD OF RISING FATIOUR,
ON INDICES OF STATIC WORK CAPACITY (FIRSY SERIES OF OBSERVATIONS)

without conditioming with oonditioning
3 ) . E/A (%)
g stimulus (A) stizunlus (B) -
ii )

v U Recov. v o Recov. v o fRecov,
an 8.3 30.8 80,0 8.0 32.5 54,1 101.0 105.6 ¥0.3
D~ch  118.8 18.6 38,0 136.5 23,0 48.8 115.0 1323.5 1328.3
To-a .7 20.8 ¢3.3 85.8 35.5 65.0 104.7 131.0 104.4
Ne-a 81.u 40.0 €3.1 97.0 45.0 73.6 119.8 113.5 118.5
Aversge 95.9 27.4 53.4 1032.0 33.4 S7.3 108.7 116.1 111.3

(Note. This, axxi the sucoeeding tablus, adduce ¢ verage data
for particular subjects., V is endurance in seconds, U is the work
time belfore cuset of tiredness, Recov, is recovery in 1.5 ainute
in %, The data in the third column (B/A (in %) is obtained frow

the relative data for the various experiments.))

It sppears to us that it is very fruitful to employ, in the
analysis of these facts, G. V. Fol'bart's conception on conjughts
pProvessses of fatigue and recovery in a functioning organ,

-9 -
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This centeptisn prevides & sstisfactery gemeral basis in
physielegy for examination ef sencrets instances of fatigus. If
wo tahe into oomsideratioa the state of the oells in the motor
snalyses of the osrebral oortex in static stress, the following

gemeral picture emerges.

The eortical cells are possassed of a given “functiomal
poteatial.” Uninterrupted excitaiion thereof in static stress
leads to gradusl exhawstion of this potential. Nowever, the ex-
hasustion results in an increase in the processes of recovery, de—
veloping in the process of the work itself and compensating for the
fatigue. The greater the fatiguo, the more intensive the compensa-
tory processes. Thay remaia incapable, however, of fully OOMpPeA-
sating for the rising exhaustion, and when the latter oomes to de
markedly predominant, a third prooess appears —— defensive trauns-
marginal inhibition, which, undergoing a gradual increase, ulti-
mately results in cessation of work and an acoeleration af the
prooesses of recovery during the period of rest, Thus, the essence
of the changes in the cortical cells in fatigue may be conceived,
schematically, as 2 complex interaction of 3 prooesses: exhaustion
of functional potential, with recovery arising as a reaction
thereto, and, finally, inhibition. The external picture of fatigue
at any givem moment is governed by the relation among these proc-

Our data may be explained as follows. The light atimulus,
coinoiding with the period of rising exhaustioun, is relmted pri-
marily to the processes of recuvery which underyo intenstive de-
velopment at this time. This conditions the positive affect
which our stimulus has begun to have on all the indices o work

capactliy.
- 10 =
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To verify the results of the first series of investiga-
tioms, we undertook & second series, with 1l subjects, The oom-
ditioned stimujus used on this ocoasion was an aural ageat; the
sound of water flowing from a tap. Special sexperiments (73 obdb-
servations on 8 subjects) demonstrated that this more powerful
stisulus was indifferent in its effect upon work capacity. The
method of work was the same as in the first series. The oanly dif-
ference was that, in view of the fact that the stimilus was more
powerful, wve believed it possible to reduce the number of combina-

tions in the preparatory period to between 40 and 60.

Coatrol observations (Table 2) Lave rhown that 8 of 11 sub-
Jects ylslded the same data &s in the prior study: the stimtlus
applied during rising fatigue elevated all the indices of work
capacity. This principle was clearly observed both in individual
persuns under test, &nd in the general mean data. Three of the
persons under test ylelded different results, and we shall return

latar to their anslysis.

Thus, our second study generally confirmed the facts earlier
revealed, which may also be explained by the conoeptions of G. V.

Yol ‘bort,

Iin the third series of studivs we attempted to combine an
indifferent stimulus -~ the sound of water =— with the period of
rest after static stress. The order in which the experiment was
periormed was the same as before, but the stimulus was cut in at
the moment oX cessation of work and continued 2o funaotion during
the first minute of recovery. 25 to 60 oombinations were run

with each of 10 subjects.

- 11 -
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The data of the soatrol ohservations (Tabls 3) again seem
waaxpeated. The conditioning agemt coinciding with the period of
intemnse restorative proocesses should apparently raise all the in-
dioes. But in fact 1it, sffect was coamplex. Resistance and the
period of work prior to the appearance of fatigue declines (on the
average by 6.0 and 5,8%, respectively, while recovery incoreases
markedly (by 12.1%). Although it was not possible to carry out
control observations, so that socidental deviations cannot be ex-
cluded, the deta for individual subjects fundamentally reiterated
the principle common for the group average (in 7 of 9 persous,
the conditioning stimulus had a more favorable effect on recovery

than on other indices), This testifies the reliability of the

results obtained,

If we now return to the "atypiocal” findings in tho previous
series, wve sees that 3 of the 3 subjects (A-a and Ta-a) show the
same comwbination: the oonditioning Agent has, in general, a nega-
tive effect on the indices of endurance and fatigue, but a poeti-

tive sffect on recovery.

How is this explained? Does it not contradict the conjec-
ture we have put forth? Thoughttul examination of these dats
show that, on the contrary, they confirm and deepen these conjec-
tures. For these new data lead to the conclusion that the stimu-
lus, applied at the moment of completion of work and functioning
during the first minute of rest, entered into & relation primarily
with the process of transmarginal inhibition which cospels cessa-
tion of work. 1. P. Pavlov called attention to the powssible forma-
tion of such connections when he wrote: "If indifferent stimuli
reach the cerebral oortex when an inhibitory process is dominant

there, they chronically acquire an lnhibitory functiom, i. e.,

- 12 ~
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whea they later act upon the active points of the ocortex, stheir
affest is to induce mn inhibitory process there” (Colles Works,

Yol 4, 1847, Page 99).

TARIE 3

'RFFECY OF AURAL COMDITIONING SYIMULUS, APPLIED DURING RISING .

PATIOUR, ON INDICRS QF STATIC WORK CAPACITY

(SECOMD JRRIZS OF GBSERVATIONS)

without comditicaing ¥ith conditioning

Subjects

Group One:
Xh-a
K-ya
Ko~

Ku-a

v-a
8o-r
sSt-v
Group Two:
A-a
I-a
Ta-a

Average

Average,
Group 1

Integral of probability (reliadbility of difference between data

stimulus (A)
\ 4 U
77.3 50.0
37.5 368.0
5.8 31.5
532.8 11.0
66.0 27.5
94.7 54.8
80,7 25.3
110.8 78.2
28.8 88.0
72.8 28.3
84.C 23.8
73.9 3.8
73.1 40.8

fe0c0V,

768.8
67.3

85,8

53.9
"'o
8.7

61.5

60.7
6.9
2.8

63.4

stimulus (B)

v

79.8
83,0
49.56
62.0
64.0
108,7
63,0

133.7

4.3
74,0
54.8

52.4

U Recov.

56,0
9.0
as.0
18.5
34.5
80,7
§0.0

90.0

81.7
20.0
34.0

47.8

81.4

“.2
88.0

75.0

61.2
70,0
79.6

69.3

69.8
64.8
4.9

71.7

74.2

WA

v

103.1
113.0

93.85
118.2

97.0
121.6
124.3

110.7

7.7
102.0
“.a

104.2
3.1

107.6

Group One under effect of stimulus, and control data)

- 13 -
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%)

112.0

108.0

116.3
150.0
139.%
111.2
197.0

118.0

83.C
9.5
103.0

128.5
!5..

123.9
8.0

109.7
128.0

134.3

115.8
104.4
115.8

112.8

114.5

23.3

103.8

1“.‘
5.0

116.3
3.4

for

0.8301 0.8898 0.9783
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EYFROT OF AURAL COMDITIONING STIMULUS, APPLIED AT KND OF WORK AND
DURING FIRST MINUTS OF RESY, ON STATIC WORK CAMOITY
(THIRD SERIRS OF OBSEXVATIONS)

Without conditioning VWith ocuditioning

stimulus (A) stimulux (W)

4 U &eocov. \ 4 U xecov. 4 v RecOV.
M-v 6.2 87.3 57.6 88.0 80,8 9.4 8.2 88.3 137.8
Ch-kh 75.2 89.7 832.0 73.8 87.0 8.5 97.8 5.3 110.3
8~r 78.0 30.0 48.0 78.0 50,0 49.9 927.83 1100.0 108.8
S-v 84.0 0.0 79.7 73.5 33.5 73.9 868.3 -87.3 9a.8
Kh-n 108.0 83.3 77.0 6.0 71,0 33.0 90.5 85.0 71.5
V-v 13}.0 82.3 43.0 128.0 80.0 46,2 104.0 97.6 107.0
R~y 76.8 48.5 81.0 70.0 48.0 58.0 91.5 29.0 95.0
I-a 76.2 45.5 83.8 79.0 51.0 75,1 103.% 113.0 140.3

v 78.7 e7.2 058.2 82.0 @€4.0 88.3 102.7 $3.0 117.5

Average

88.9 61.2 58.86 82.1 37.0 65.8 94, 94.2 112.1
2.

4]
4 12.4 2 5.0
Integral of probability (reliability of difference between data

under effect of stimulus, and control data)
0,9337 0.9412 0.9676

1f, as we see, our conditioaing stimulus related to the
process of inhibition, its effect became understandable. Recovery
increases, &9 recuperative prooesses are known to acoeleuiate as
fnhibition rises. Exdursnoe declimes, as the transmarginal inhibi-
tion, which brings work to an ebd, increases more rapidly. As

tiredness also sets in more rapidly, the oonclusion is poasible

- 14 =
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that the sensation of aa intersal chatssle and the desire to stop
work, wiioh is called tirednsss, is & reflestion of traassarginal
iakidition developing in the motor asslysor. Thws it may be

supposed that ths subjective phancmsnon of fatigus (the sensatios

of tiredness) has the prooess of inhibition as its objectiiJ basis,

On comparison of all the foregoing data the fellowing Qques-
tioa arisers: if 3 fundamental processes (exhaustiom, recovery, and
inhibition) interact in the ocortical oells ia the presence of fa-
tigue, why Jo stimuli corresponding with the variocus phases of
work snter into a relation primarily with 3 of these processes?

In exaaination of the litersture we find in this regard as well
data analogous to our own. Thus in 1951 A. O, Nolin reported that
he readily produced a ootditioned-reflex catalepsis, while it was
exoeedingly difficult to induoe an epileptic fit by comditioned
reflex. Nis analysis of these lacts led him to the conclusion
that thsaks to the “"protective isndencies of the nervous system,"”
the production of an slaborats complex of changes in the oxganisa
by the oonditiocned-reflex route causes proocesses of a defensive
charscter to predominate. As the processes of recovery and inhibi-
tiom are reflex reactions of the cortical coells to exhsustion, the

oonditioned stimili enter iato relatiom primarily with these defens-

ive proocesses.

Conoerning the questioas as to why our stimuli uader various
aircumstances are connected £Ov with one, nDOw with another proocess,
analysis of the oconditions of sxperimsnt makes this matter quite
clear. VWhen wo ooordinated am indifferent agent with the period
of rising exhaustion, the cutting in of the stimulus (which is, es

known, the moment of its greatest effect) coincided with the momsnt
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viuE the restorstive proscasds were inteasively at work, waile
inhibition .. L' iqw to appear (the subject “ad only hegium
to fesl tiroC;. ™ srexore, the conditioning agent related
primarily with reouperstion. Nowever, when we combined it with
the first minute of rest, cutting it in coincided with the moment
ot cessation of work, i.e., with ths maximum developmsnt of trans~
marginal inhibition. This led to the stimulus forming a ocomneo-
tion primarily with the latter process. In individual subjects
(“atypioal” data in the second series) the stimulus scoompsanying
rising exhaustion formed the comnmection with inhibition. These
differences may perhaps be conditioned by typological peculiar-

ities in the inc.viduals conoerned.

The experimental and litersture data adduced permit the
following oomclusions on the mechanism of exhaustion in static

stiess.

The exceptional fatigue-producing capacity of the type of
work :. question is related to the uninterrupted excitation of
the given nerve and muscle instrumont. This has a negative effect
on all iinks in the motor apparstus, from the muscles to the
higher nervous oenters, ocortical oells being most subject to fa-
tigue. They carry & heavy losd in prooessing the proprioceptive
impulses from the muscles under stress and in elaborating, in in~
dissoluble unity with these signals, cortical voluantary impulses
g.verning contraction. Pinally, powerful streams of excitation of
t¥s cher-receptors in muscular tissus, which are specially sensi-
tive to laotic &cid 1in particular (V. M. Khayutin, 1953), move to
ive cort-x, an: in this semse biochemical changes in working

suvgcle rwy have & subatantial effeat upon fatigue. The continuity
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oonditions and their rapid exhaustion oconditions,disecordization
of A1l the processes rulated to work and also, most probably,
‘divect suppression of the functions of the peripheral apperatus,
by changes in their excitability and trophics. Thus, fatigue is

& S0mpLix process of primarily ocortioal mschanism,

In fatigae a complex interrelatios of & serisd of preccoases

oecurs in the oells of the motor analysor.

The atate of function of the cortical cells, revealed at the
level of their lability, is determined in the prooess of work by
the relstionship butween the processes of exhsustion of the func-
ticnal potential (G. V. Fol'bort), and the ocourrence, 88 & re-
sction to this exhsustion, of the processes of reocovery and, fin-
ally, of transmarginal inhibition. At the beginning of work, the
processus of exhaustion are compensated for by restorative proc- ~
esses. As exhaustion prooeeds, due to the sounstant flow of ex~ ’,
citation of the working cells, the processes of recovery also be~
come =C'? intense. When exhaustion increases to the point that
1t 18 luvdequately compensated for by these processes, an inhibi~
tory pr.vr'ess appears. This compels the worker to apply a greater
effort af will to overcome the developing iaternal vbstacle, this
beliy t.'t subjectively as undms-ln the muscles. Bubsequently,
the ins sasing exhaustiom, om the ome hand, and the developing in-
hibitic: om the other, increasingly reduce the lability of the
oells beuoming fatigued, with the result that it ‘inally declines
to sero, causing the work to beoows & megative stimulus, whereupon
& parsbioti¢ imhidbition, stopping the work, arises in the ocorres~
ponding postiom of the motor amdlysor. Thus, 3 phases may be dis-
tiaguisbed in the mechanism of cortical fatigue. PFirst the work
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capasity deslines 12 soussdstion with tae t:nr;um ia sxhaustion of
the funotional potsamtial. Bubsequeatly, trazsmurginal imhibitios
iz oonnected thorewith and it further reduces work osjasity iz ‘Ae

form of a defense reaction,

It is claar from the foregoing that it would be an error to
identify inhibition with fatigue. Inhibitiom is but one of the
components in the otal picture of fatigus, and results from ex-

baustion of the cortical celle,

These, theu, are the conclusions to which the results of our

experiments lead.

Of course, our data are limited as yet, and may only be re-
garded as a firset elfort to use conditioned reflexes in the study
of the intimate nature of the processes of exhaustion and rest.
Nowever, it would appear to us that this effort demounstrates the
fruitfulness of this line of research. Investigations in this
direction are not only of theoretical interest, but msy also be of
practical value, as the facts we have derived demonstrate that
various stimuli, sccidentally or causally coinciding with specific
phases of muscular work, are capadble of exercising a proacunced
effest upon working capacity by the conditioned reflex route. This
presents the possibility of opeaing new perspectives in the direc-
tion of combatting fatigue in productiom and athletics. Purther
elsboration of this qusstion may therefore offer much of vilue

both to theory and practioce.
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